An emphasis on biosecurity in the cattle industry was made over the years to improve animal and public health. Nevertheless, the level of implementation of biosecurity measures (BSM) remains largely insufficient due to certain constraints. It is therefore necessary to prioritize the different BSM to be applied in accordance with the individual context and the main infectious diseases affecting cattle. Previous prioritization exercises of infectious diseases were neither specific to Belgium 
| INTRODUCTION
Cattle farming is one of the main food-production species in Belgium. Over the last few years, a shift from curative towards preventive medicine has been observed in the livestock sector and represents a key element of the European Union Animal Health Strategy since 2007 (European Comission, 2007) . Nevertheless, several surveys highlight a low implementation level of biosecurity measures (BSM) by the farmers with different constraints expressed such as cost, usefulness, workload, and lack of clarity on the measures (Brennan & Christley, 2013; Gunn, Heffernan, Hall, McLeod, & Hovi, 2008; Hoe & Ruegg, 2006; Kristensen & Jakobsen, 2011; Nöremark, Frössling, & Lewerin, 2010; Sarrazin, Cay, Laureyns, & Dewulf, 2014; Sayers et al., 2013) . The rate of implementation of BSM seems even lower in cattle farms versus pig or poultry production facilities (Sarrazin et al., 2014) . To better advise cattle farmers and increase their level of implementation, it is essential to prioritize the biosecurity measures, according to the most important infectious diseases affecting or threatening Belgian cattle.
Based on the need to prioritize the infectious diseases (further referred to as diseases only) to address in terms of disease surveillance, control and eradication programs, many prioritization, or categorization exercises were conducted over the last few years. Given the lack of prevalence data for most cattle diseases, most of them The Delphi method based on a consensus approach has many advantages (e.g., no need of scientific evidence as it relies on experts' opinion which can be modified through debates and avoids personal and political influence as a consensus is needed) and is recognized by the scientific community worldwide since its development by the RAND Corporation in the late 1960's. The recent prioritization exercises identified in the literature (ANSES, 2012; Ciliberti, Gavier-Widén, Yon, Hutchings, & Artois, 2015; DISCON-TOOLS, 2016; Havelaar et al., 2010; Humblet et al., 2012; McIntyre et al., 2014) were quantitative, semiquantitative, or qualitative and based on the Delphi method with the exception of two. One of them was based on the H-index (McIntyre et al., 2014) and the second one on a literature review with a scoring and weighting system applied and validated by a panel of experts (Humblet et al., 2012) (Supporting Information Table S1 ).
Nevertheless, these scoring systems rely solely on expert's opinion and results will vary depending on: initial list of diseases to be assessed, criteria used, ranking methodology proposed, objective of the prioritization exercise, and available resources (e.g., time and quality of the expert panel involved). In addition, most of them did not consider multipathogen diseases such as mastitis, respiratory diseases, and diarrhoea, which are usually a major concern for both animal and public health and should not be automatically omitted.
The objectives of this study are to (a) identify major diseases of concern for Belgian cattle holders and their related BSM using a prioritization methodology based on the outcomes of a veterinary survey, the analysis of 3-year laboratory databases and the review of previous prioritization articles and (b) summarize BSM related to the six most important diseases of concern, i.e., the only diseases defined as important by the three data sources following the classification process described in Figure 1 .
| MATERIAL AN D METHODS

| Initial list of cattle infectious diseases
An initial list of infectious cattle diseases was established based on several sources. The list provided by the Center for Food Security and Public Health, Iowa State University (http://www.cfsph.iasta te.edu/DiseaseInfo/index.php) was used and completed by the review of five reference books on cattle diseases (Andrews, Blowey, Boyd, & Roger, 2008; Francoz & Yvon, 2014; Institut de l'Elevage, 2000; Kahrs, 2001; Scott, Penny, & Macrae, 2011) , prioritization articles (Ciliberti et al., 2015; McIntyre et al., 2014; Phylum, 2010) EFSA-ECDC, 2015) and OIE websites and last reports (FAAV/WIV/ CODA-CERVA, 2015). The diseases for which the occurrence or existence in Europe or Belgium was not specified in those sources, a literature review was performed based on a web search in PubMed with the following combinations of terms: "name of the disease" or "name of the pathogen" and "Belgium" and/or "Europe" to complete the information. A list of 90 diseases was established with their occurrence in Europe and in Belgium, their OIE status in Belgium and basic epidemiological data (last occurrence in Belgium and zoonotic character) (Supporting Information Table S2 ).
| Veterinary survey (Datasource 1, DS1)
In order to maintain the length of the questionnaire addressed to the rural veterinary practitioners (RVP) to the minimum, 31 diseases were excluded from the initial list of 90 diseases (16 diseases with no occurrences in Europe and 15 diseases with no occurrences in Belgium).
The RVP were contacted on line through the two regional animal health organizations of the country, i.e., Association Régionale de The number of persons included in the mailing list of the two organizations are respectively of 1876 and 1356 including both rural and small animal's practitioners as it was not possible to identify the part of RVP within these mailing lists.
In Wallonia, the RVP workforce (534 veterinarians having a rural practice out of 1876 veterinarians), was provided for each of the five provinces, by the Board of Veterinary Practitioners. A chi square test has been performed to assess that the sample of responding RVP is not unbalanced from one province to another. The counterpart workforce for Flanders was not available; indeed, in that region, veterinary practitioners have no obligation to provide details on their practices to the Regional Board.
The survey was pretested by four veterinarians before its final validation and included three questions in order to assess the frequency, 3-year trend and the importance of each disease for the Belgian cattle sector. In the first question (Q1), RVP had to assign a score to each disease related to their average frequency based on the following scoring system: (a) never suspected, (b) suspected but never confirmed, (c) several times a year/occasionally, (d) at least once per quarter, and (e) several times a month.
In the second question (Q2), RVP were asked if the disease trend over the last 3 years was decreasing (score of 0), constant (score of 1), or increasing (score of 2).
The third question (Q3) was an open question where RVP were asked to list, in decreasing order of importance, the five main diseases affecting adult cattle; that information would help triangulating the information and identifying eventual diseases of importance omitted in the initial list. Each disease was assigned a score of 1 to 5, depending on its position in the list: (1) fifth disease listed, (2) fourth disease listed, (3) third disease listed, (4) second disease listed, and (5) first disease listed.
The answers to Q1 and Q2 were respectively used to calculate an average frequency score (af) and average trend score (at), for each disease. A global score per disease (GS) was then calculated by adding both averages.
A regression tree analysis based on the GS of the different diseases identified and classified the most important diseases to consider, from the RVP's perspective. The regression tree methodology is a nonlinear and nonparametric test increasingly used by the scientific community in public and animal health. It divides the population (in our case, the diseases) into different subgroups in relation to the GS with minimal within-variance by using cross-validation (Lemon, Roy, Clark, Friedmann, & Rakowski, 2003; Saegerman, Porter, & Humblet, 2011; Salford Systems, 2001 
| Laboratory databases (DS2)
Due to the subjective character of the veterinary survey (DS1), the risk of underestimating some important diseases was not to be neglected, e.g., (re)emerging diseases with no occurrence in Belgium, and major zoonoses with a slight impact on cattle. These diseases were initially identified through the analysis of laboratory databases (DS2) provided by two regional animal health organizations, i.e., ARSIA in Wallonia 
| Review of recent diseases prioritization exercises (DS 3)
As a third data source (DS3), six recent prioritization exercises (Supporting Information Table S1 ) were assessed to identify important diseases in regards to different criteria: zoonotic character (Havelaar et al., 2010; McIntyre et al., 2014) , ruminants-wildlife interactions (Ciliberti et al., 2015) , European Union policies and priorities (5) and focus on food-producing animals (ANSES, 2012; Humblet et al., 2012) . As scoring and/or classification system differed in all articles, diseases were re-classified (Table 2) , as follows: 0 (not listed) to 4 (highest score/importance). Class 4 diseases of the different exercises as well as Class 3 diseases of the two articles focusing on food-producing animals, including zoonosis (due to the importance in terms of potential economic impact on farms) (ANSES, 2012; Humblet et al., 2012) were defined as important and assigned a final score of "1".
| Databases consolidation and analysis
An overall score (OS) was calculated by adding the scores of the three DS (veterinary survey, laboratory databases, and prioritization exercises) (Table 3) . Following the process of disease selection (Figure 1) , all diseases with an OS > 0 (defined as important by at least one DS) were added to the list of important diseases.
| Synthesis of biosecurity measures related to the most important diseases identified
For the most important diseases identified (those ranked as important by the three data sources), a literature review was performed in
PubMed to identify their related risk factors and biosecurity measures. The keywords used for the search were as follow: "name(s) of the disease" or "name(s) of the pathogen" and "cattle or bovine or cow or beef or calves or dairy" (if disease affecting multiple species only) and "epidemiology" or "pathogenesis" or "control" or "risk".
T A B L E 1 Classification of diseases, per category, based on the Regression Tree analysis of global score (GS), according to participants' responses for questions 1 and 2 (N = 107)
High GS (score = 4) Significant GS (score = 3) Moderate GS (score = 2) Low GS (score = 1) 
| RESULTS
| Veterinary survey
The From the analysis of the disease indexes, two diseases mentioned by the RVP and not listed initially were identified: metritis/endometritis and different infectious diseases grouped as secondary infections (septicaemia, umbilical infections, peritonitis/reticulitis, (peri-), and (poly)arthritis) (Figure 4 ). These two diseases were then added to the initial list of 90 diseases. Mastitis and (inter)digital dermatitis were, by far, the two most important diseases in terms of disease index and GS.
After analysing Q3, three diseases showed a high disease index (>66 th centile) but without a high or significant GS: the two diseases not listed in the initial list of diseases, i.e., metritis/endometritis and secondary infections, and IBR, not classified as important by the regression tree analysis. These three diseases were thus classified as important.
| Laboratory databases
Analysis of laboratory databases revealed that an increasing number (Table 3) .
| Diseases prioritization exercises
In addition to the 34 diseases selected as important based on veteri- 
| Classification tool for adult cattle diseases in Belgium
Results of the final classification after application of the different filters are summarized in Table 3 for the 48 diseases considered as important. Six of them were identified as important by the three DS:
BRD, BRSV, BVD, IBR, Q fever, and salmonellosis.
Fourteen diseases came out as important from at least two DS.
Finally, 28 diseases were revealed by only one DS: 15 by prioritization exercises, 11 through the veterinary survey, and two based on laboratory databases (Bo-HV4 and BEL).
As a reminder, the initial list of diseases included 77 items (74 diseases initially listed and three diseases added during data analysis), thus 29 of them were not classified as important at the end of the process. They are listed in Supporting Information Table S2 , along with the diseases with no occurrence in European countries.
| Synthesis of the biosecurity measures related to the six most important diseases
A total of 76 articles were reviewed: 6 for BRSV, 17 for BRD, 11 for BVD, 13 for IBR, 15 for Q fever, and 14 for salmonellosis (Supporting Information Table S3 ). A synthetic table of the six most important diseases-related BSM (Table 4) during the first half of 2014, which led to increased testing (Delooz et al., 2015) . In addition, subclinical infections are frequently reported with bluetongue (Brenner et al., 2010) .
We observed more than 25% of positive results for Bo-HV4 disease, Schmallenberg disease and cryptosporidiosis. These diseases were not listed as frequent, increasing or important by the RVP. Previous studies have confirmed the endemic status of Bo-HV4 in southern Belgium, along with a high seroconversion rate of cows (Delooz, Czaplicki, Houtain, Dal Pozzo, & Saegerman, 2016) . Nevertheless, the relationship between Bo-HV4 and abortion is still subject to controversy and the disease might be underranked by the RVP due to the nonpathognomonic character of clinical signs. In order to further assess the role of Bo-HV4 in abortions, a recent study included the search of the virus in the abortion protocol already implemented in southern Belgium (Delooz et al., 2016; Delooz, Czaplicki, Houtain, Mullender, & Saegerman, 2012) and highlighted a possible association; specific awareness raising messages were 
Notes.
a Includes BRSV, mycoplasmosis, pasteurellosis, para influenza virus 3, and other respiratory diseases.. Coding: "2" for measure listed in literature review either as addressing a specific risk factor or BSM; "1" for measure not found as such during the review, but should have an effect on the disease prevention and management due to its different transmission pathway; "0" for measure without influence on the disease. F I G U R E 4 Disease index of the most important diseases affecting adult cattle, i.e., disease index above 0.66 centile (N = 93). Bovine respiratory diseases (BRD) include: pasteurellosis (Mannheimia haemolytica), pneumonia, bronchopneumonia, tracheitis, respiratory infections, and respiratory complex; diarrhoea/enteritis gathers: cryptosporidiosis, colibacillosis (E. coli), as well as diseases associated with rotavirus and coronavirus abortions (Shaapan, 2016) . Its inclusion in the list depends on the objectives and foreseen usage of the disease classification exercise.
Out of the 48 diseases, 25 are nonnotifiable but of major importance in Belgium due to their economic impact and/or high occurrence. Nineteen of them were not considered as important by the previous prioritization exercises while relevant in Belgian adult cattle.
This additional list could guide the decision makers for future control programs as these diseases are a major concern for cattle holders.
The six diseases identified as important by the three data sources are covering the different diseases transmission pathways, therefore the proper implementation of their related BSM (Table 4) should improve the prevention and control of the majority of other cattle diseases. Based on the transtheoretical model of behaviour change, as well as other theories and existing models (Armitage, 2009; Mase, Gramig, & Prokopy, 2017; Morris, Marzano, Danady, & O'Brien, 2012; Prochaska & Diclemente, 1983) , the "possible personal benefits" is a constant key factor motivating the adoption of new behaviour. Therefore, identifying the risk factors and associated biosecurity measures related to the six diseases with a high or significant disease index could be used to improve the technical guidance for farmers and better answer their main concerns. Once the farmer has engaged into a behaviour change and is convinced of the efficiency and relevance of biosecurity, the introduction of additional measures will be accepted easily. As the six most important diseases to consider cover all the possible transmission pathways, future researches should focus on the BSM prioritization based on their level of implementation and acceptation by the herders, their feasibility and their cost-effectiveness in terms of disease(s) prevention.
In order to ensure the acceptability of the BSM to be prioritized by the farmers a participative approach in recommended in order to take into account the farmers opinions, perceptions, and expertise on the topic.
| CONCLUSION
Due to their possible impact on the economy, it is important to raise the level of awareness of the herders regarding emerging and exotic diseases. Nevertheless, starting by addressing the farmer's priority issues is a key strategy for them to adopt the biosecurity measures on a long-term perspective. Identifying the most important diseases affecting cattle farms is therefore necessary in order to initiate the process of change. Specific measures related to public health purposes could be introduced easily afterwards. Future researches should focus on the assessment of the level of implementation of the BSM related to the most important diseases to be targeted (six in the case of Belgian cattle herds), as well as the possible constraints and factors affecting their adoption by the farmers in order to be able to prioritize the most effective BSM to be promoted.
The methodology proposed and relying on the outcomes of a veterinary survey, the analysis of the laboratory databases over the past 3 years and the review of previous prioritization exercises, allowed identifying the diseases of major concern for cattle holders.
The proposed methodology represents a practical tool for other users who could easily adjust the selection criteria to their specific objectives, needs, and context. That makes possible the future development of a biosecurity tool useable at the national level.
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